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Introduction 
 
Network Traffic Control has the potential for significantly reducing congestion, while avoiding 
excessive costs involved with infrastructural interventions.  
Traffic networks inherently exhibit several degrees of decomposition, both hierarchically and 
geographically, and traffic control has been, in practice, severely influenced by this decomposition. 
Anticipatory Traffic Control literature (Allsop, 1974), in its own, deals with the fact that user behavior 
can be, at least to some degree, predicted, and that an “optimal” controller should take this behavioral 
response into account when determining the best strategy to apply. While historically rooted in the 
field of Static Assignment, in recent years researchers have been looking into translating Anticipatory 
Traffic Control in dynamic networks, aiming at exploiting the inherent advantages on real-life 
instances (Taale, 2008), (Taale and Hoogendoorn, 2012), (Ukkusuri et al., 2013). 
These approaches are still based, though, on the assumption that one single centralized controller is 
responsible for dealing with the whole network. To relax this assumption, in (Rinaldi et al., 2013) we 
introduced a controller-wise decomposition strategy based on the Total Time Spent (TTS) objective 
function, and assessed its performance with respect to a traditional centralized setting. Our findings 
showed that decomposing the optimal control problem yields sub-optimality. 
In this paper, we first deal with determining the conditions (if any) under which optimality can be 
preserved when distributing Static Anticipatory Optimal Control, and subsequently we exploit this 
knowledge to develop a better coordination mechanism in the Dynamic Anticipatory Traffic Control 
domain.  
 
Methodology 
 
With the goal of achieving greater understanding on the behavior of controller-wise decompositions in 
Anticipatory Control, we reverted to simple static scenarios and developed an optimization algorithm 
based on a simple extension of the Coordinate Descent method. The convergence properties of 
Coordinate Descent for convex objective functions have been identified in (Luo and Tseng, 1992), 
and, more recently, extended by (Tseng and Yun, 2009). 
Studying this convergence behavior, we realized that our previous coordination approach was missing 
a considerable opportunity. By letting each controller implement its own action in the prediction 
model, together with the control information exchange we previously employed, we are able to 
implicitly obtain sensitivity information as well. This led to the development of a new, simpler 
coordination mechanism to couple with the simulation based optimization approach we introduced in 
(Rinaldi et al., 2013). In Figure 1 we compare the previous and the newly developed coordination 
mechanisms. 
 Figure 1 
Acknowledging that the Anticipatory Traffic Control problem, even for simple static scenarios, is by 
nature non convex, we also focus our efforts in understanding how non-convexity can influence the 
optimality of the end results. The experience we gained in static scenarios allows us to recognize that 
the order in which the different, separate controllers optimize their own objective function and 
exchange information can have a significant influence in the performance of the overall system, as 
shown in the Results section.  
  
Results 
 
In order to compare the two different coordination approaches, we perform experimental tests based 
on the very same case study we used in our previous work, detailed in Figure 2. The demand data for 
this network can be seen in Table 1 (off peak/ on peak).  
 
 
For all experiments, a total simulation period of 6 hours has been chosen, the peak period occurs 
between 1h and 2h. All simulations are ran with a time step size k_s of 5 minutes; the control points 
are the three on-ramps located at nodes 2, 3 and 5, equipped with ramp metering controllers. 
We first present and discuss the new coordination mechanism’s performance results: 
 
Figure 3 
Figure 3 shows the variation in Total Time Spent achieved by the Centralized Anticipatory Dynamic 
Traffic Control approach (blue line), our previously developed decomposition (black circled line) and 
the new approach (light cyan line) with respect to the base, uncontrolled scenario. It’s immediate to 
realize from this Figure that the newly developed coordination mechanism clearly outperforms its 
predecessor, and its performance is actually quite close to that of the centralized controller. 
As mentioned earlier, we performed several tests also to assess the impact of the problem’s non 
convexity on the convergence and performance of our decomposed solution. Like any other steepest 
descent based optimization algorithm, our approach cannot avoid local minima; moreover, it’s easy to 
realize that when descending in turns among the separate dimensions of the objective function, the 
O-D Node 6 17 
1 1750/3500 0/0 
10 1250/2500 0/0 
13 0/0 1000/2000 
Table 1 Figure 2 
order in which one chooses to progressively explore the different dimensions can influence which 
region of the solution space is being visited. 
 
Figure 4 
 
Figure 5 
Figures 4 and 5 clearly show the impact of three different orderings for the separate optimization of 
the different controllers. The difference between the centralized approach and the three 
decompositions is shown in Figure 5. This confirms that what we already found when dealing with 
Static Anticipatory Control applies as well for the Dynamic case: the degree of optimality of the 
decomposed system is clearly influenced by the objective function’s non convexity. The current focus 
of our research is then to develop tools that are able to determine, a priori, the ordering that yields the 
maximum gain; in order to do so we’re now studying the sensitivity of the routing response to control, 
in order to determine whether, for example, higher sensitivity controllers should be optimized first, 
since their influence on the network is bound to exceed that of lower sensitivity controllers.  
 
Conclusions 
 
In this paper, the problem of improving the performance of Decomposed Anticipatory Dynamic 
Traffic Control is presented. The coordination mechanism we introduce clearly outperforms our 
previous results, showing how basing our research on simpler, Static Anticipatory Traffic Control 
algorithms was source of valuable insights and assets. Non convexity of the objective function and its 
relationship with our decomposed algorithm’s performance has also been investigated, and current 
research is focusing on ways to deal with this problem. The new findings will be presented at the 
symposium. 
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